Delusional disorders form part of the spectrum of psychotic disorders in psychiatry. They are poorly understood in practically every aspect of their nature, including cause, phenomenology, prevalence, comorbidity, course, treatment, and prognosis. The key symptom in delusional disorders is one or more delusions. A cardinal characteristic of delusional disorder, conviction that one is not mentally ill, contributes complexity to the treatment challenges and profoundly affects the therapeutic relationship. Diagnosis and differential diagnosis are critical tasks. Delusional conditions may arise from many sources and, only when the case conforms to the criteria and is clearly idiopathic-is a primary delusional disorder-can we feel confident that the patient suffers from delusional disorder rather than a secondary delusional condition. Adequate treatment follows principles for the treatment of delusions. First line pharmacological treatment for delusional disorder is antipsychotic medication, both first and second-generation agents, and some evidence suggests that clozapine may be effective in certain cases. The assumption in such a formulation is that the delusion(s) encountered in delusional disorders respond as a class of symptoms found in different disorders. Hence, the approach for failed interventions with these agents may be similar to that proposed for the treatment of schizophrenia or other psychotic disorders. Namely, searching for evidence of failure to take medication, inadequate dosing, a missed diagnosis of a substance disorder, medical condition, or even another psychiatric disorder should be considered. For individuals with delusional disorders who are also experiencing comorbid depression or anxiety, the addition of appropriate agents for those symptoms may provide a synergistic strategy for overall effectiveness. Psychotherapy is another important clinical tool. Cognitive behavioral therapy focusing on different aspects of delusions (i.e., anxiety, reasoning biases, faulty logic, etc.) has demonstrated some value for at least short-term improvement. Various techniques may be useful in allying with the patient and supplying means to assist in managing their thinking and approach to circumstances and factors that promote delusion formation and encourage actions taken to respond. A significant problem in applying what we know about delusional disorders to treatment is the limited available evidence. Lack of randomized controlled trials, which form the standard in most clinical disorders, is a major shortcoming. Recent observations of compromised cognitive functioning in working memory, attention, and executive function should be replicated with similar standards. Systematic case studies and large series are useful, and a growing effort to be more rigorous methodologically in all contributions including case registries and longer followup studies is promising. Nevertheless, our knowledge remains less than optimal. These comments apply not only to pharmacological observations but also to those of neuropsychological and psychotherapeutic studies.
Opinion Statement
Delusional disorders form part of the spectrum of psychotic disorders in psychiatry. They are poorly understood in practically every aspect of their nature, including cause, phenomenology, prevalence, comorbidity, course, treatment, and prognosis. The key symptom in delusional disorders is one or more delusions. A cardinal characteristic of delusional disorder, conviction that one is not mentally ill, contributes complexity to the treatment challenges and profoundly affects the therapeutic relationship. Diagnosis and differential diagnosis are critical tasks. Delusional conditions may arise from many sources and, only when the case conforms to the criteria and is clearly idiopathic-is a primary delusional disorder-can we feel confident that the patient suffers from delusional disorder rather than a secondary delusional condition. Adequate treatment follows principles for the treatment of delusions. First line pharmacological treatment for delusional disorder is antipsychotic medication, both first and second-generation agents, and some evidence suggests that clozapine may be effective in certain cases. The assumption in such a formulation is that the delusion(s) encountered in delusional disorders respond as a class of symptoms found in different disorders. Hence, the approach for failed interventions with these agents may be similar to that proposed for the treatment of schizophrenia or other psychotic disorders. Namely, searching for evidence of failure to take medication, inadequate dosing, a missed diagnosis of a substance disorder, medical condition, or even another psychiatric disorder should be considered. For individuals with delusional
Introduction
Delusional disorders are enigmatic, unusual, and seldom encountered challenges for most clinicians. They are accurately described as uncommon, especially when compared to other psychotic conditions, such as bipolar and schizophrenia disorders. Yet, they are not necessarily rare. Case studies or series of treated individuals diagnosed with this disorder form the foundation of our knowledge about it. However, the frequency of untreated individuals that occurs in the general population remains unclear. Observations of diagnosed cases provide a framework for recognition of these conditions and a source of evidence for how to approach their care.
In this report, we update readers concerning changes in the criteria for this disorder in DSM5 [1], current directions in relevant psychological therapies, and a review of recent contributions on psychopharmacological treatment. At the outset, we must emphasize that the evidence for treatments is limited and suggested strategies are only partially tested.
Description and Modifications of Criteria in DSM-V
The central feature of delusional disorders is one or more delusions. In earlier definitions, these delusions were restricted to being about possible life experiences, such as being persecuted, having a disease, having an unfaithful partner, etc. This key feature of the disorder must be present for a month. The complementary phenomenological characteristic of delusional disorder is the relative absence of other psychopathology. Additionally, in DSM-V, the clinician is able to rate current symptoms and after a year of the rating can use new criteria to characterize the course of the disorder.
DSM-V has made relatively small changes in the definition of delusional disorders. Addition of bizarreness as a feature that is specified according to a criterion of being Bimplausible, not understandable, and not derived from ordinary life experiences^is an effort to avoid the unreliability of the concept of bizarreness and to establish a better grasp of the phenomenology of delusional experiences in this disorder. Subtypes include erotomanic, grandiose, jealous, persecutory, somatic, mixed, and unspecified. Of these, the persecutory subtype is generally reported to be the most frequent. However, the unusual nature of some forms of somatic delusional illness has attracted attention recently. There has been significant, lay interest in Morgellons' syndrome, a condition characterized by somatic dermatological changes which are claimed to originate from parasitic or other sources. Several publications in the recent literature have dealt with delusional parasitosis or infestation.
DSM-V attempts to clarify the boundaries of delusional disorder and those of body dysmorphic disorder and obsessive-compulsive disorder by noting their phenomenological overlap and the common presence of psychotic variants-emphasizing the need to exclude such cases from the delusional disorder group. Shared delusional disorder is no longer a separate disorder; other specified schizophrenia spectrum and other psychotic disorder may be appropriate diagnoses if the delusional disorder criteria are not met and shared delusions are present. Alternatively, such cases can be diagnosed as delusional disorder if they conform to the criteria.
Psychopharmacological Treatment Methods
A search of PubMed was performed to find available reports on the pharmacological treatment of delusional disorder (DD) published in English-between 2012 and 2014.
Adequate diagnostic accuracy, treatment descriptions or outcome information were among our selection criteria. We identified 24 articles including 15 case reports with 25 cases, one case series of 50 cases and 6 observational studies with 384 cases. Table 1 provides an overview on the 6 observational studies, the case series and 25 case reports that met the DSM-IV-TR or ICD10 criteria for DD. There was a gender difference with female preponderance in our collection, which was in line with prior studies [8••, 9••, 10, 11••]. However, a recent follow-up study on gender-related features in DD with 43 patients reported no gender difference in the prevalence rate of DD, which was similar to that of SZ [12••] . DD appears to be diagnosed more frequently in middle-aged or elderly individuals. They become ill much later than in schizophrenia [6] . The mean age of onset in recent reports (Table 1) was older than 45 years. Further, in our summary of 25 individuals [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , women became ill significantly later than men which is consistent with other recent studies [2••, 7••, 12••] and some previous ones [10] . Since DD appears to be a disorder mostly seen in later stages of life, physicians and caregivers should be cautious about medication side effects and drug-drug interactions when it comes to pharmacological treatment. DD appears to be a disorder with relatively high diagnostic stability over time. A follow-up study [6] showed a stable diagnosis over more than 10 years in almost 79 % of the patients with DD. Women showed a higher diagnostic stability than men, while men tended more frequently to be re-diagnosed with schizophrenia and schizoaffective disorder [12••] . Rate of DD diagnosis stability in a work by Salvatore et al. [28] was 72.7 %.
Reviews of Recent Studies of DD Demographics
The most frequent type of delusional disorder among our 25 cases was delusion of parasitosis (48 %) including 3 cases of Morgellons. Persecutory type was the next common type with 20 %. Among the 6 observational studies, we found three exclusively addressed cases of delusion of parasitosis with the sample of 198 cases. The case series of 50 cases also studied delusion of parasitosis (Table 1) •] evaluated 86 patients with DSM-IV-DD for psychiatric comorbid conditions. Forty six percent of this sample had at least one additional lifetime psychiatric diagnosis. The diagnosis of depressive disorders (32.6 %) was the most common, followed by anxiety disorders (14 %). Individuals with Axis I comorbidities tended to show more conditions or symptoms such as cluster C personality psychopathology, somatic delusions, olfactory and gustatory hallucinations, and suicide risk as well as emotional dysregulation. However, working memory deficit was worse in DD patients without psychiatric comorbidity. These findings suggested that emotional and cognitive aspects of the illness should be considered and may need to be monitored in DD treatments.
Antipsychotics
The first step in treatment of DD is to make an accurate diagnosis, distinguishing between primary and secondary DD through careful differential diagnosis. Secondary DD may be managed by treating the underlying causes. For example, in a study on 20 patients with Parkinson disease who developed delusions of jealousy due to dopamine agonist medications, Perugi et al. [29] showed that withdrawal of dopamine medications led to complete remission and reduction of doses to partial remission of psychotic symptoms. Investigation for possible comorbid conditions is also essential, including both medical and psychiatric diseases as they may influence response to treatment and may alter treatment approach.
Although there is a lack of randomized placebo-controlled studies on DD treatment, literature suggests optimistic outcomes with antipsychotics with a high positive response rate-remission or partial remission Regarding the frequency of use of first-generation antipsychotic (FGA) and SGA medications, FGA used to be the drugs of choice for DD [8••] . However, the introduction of atypical antipsychotics and the experience that pimozide is not as specific as considered earlier, SGAs have been used more frequently. In our review, studies (Table 1) In addition, more than 80 % of 25 case reports received antipsychotics, mostly SGAs (SGA 64 %, FGA 12 %), with risperidone as the most frequent medication (24 %) followed by olanzapine, quetiapine, and FGA (Table 2) .
A case series of 50 patients with delusion of parasitosis (DOP) [7••] revealed that all 45 patients on antipsychotics received SGAs. Antipsychotic treatment was associated with a high positive response rate (recovery 64.4 % or partial improvement 28.8 %), with risperidone as the most frequent medication followed by olanzapine (Table 3) . Among SGAs, risperidone appears to be the most frequent antipsychotic that has been used in DD treatment. There is no controlled trial to compare treatment efficacy between FGAs and SGAs. Two early reports showed no difference [9••, 31]. One study reported that risperidone showed the best response rate (full and partial remissions) among antipsychotics followed by pimozide [10] . A comprehensive review of DOP reported that if Bfull remission^only is considered, FGAs (mostly pimozide) were associated with a higher response rate compared to SGAs (52 vs 37 %) [30] . There had been a similar range of success with pimozide in somatic delusional
Randomized controlled trials with systematic outcome measures are required to address treatment efficacy of different pharmacological agents for DD. Factors such as heterogeneity of study designs, small sample sizes, adherence, and related problems (i.e., lack of insight, medication side effects and inadequate trials) have limited progress. Side effect features as a criterion for selecting medications should be considered carefully. The higher average age of onset in DD compared to other Axis I psychotic disorders may be associated with greater vulnerability to adverse medication effects. The age of the patients, the presence of comorbid conditions, and drug interactions also should be considered in selecting agents. Pimozide seems no longer to be the first choice in treatment of DD. This might be mostly due to the concern about the side effects such as extrapyramidal symptoms, dose-dependent QTc interval prolongation, and drug-drug interactions. However, pimozide might be considered for younger patients, as a monotherapy, in low dose, and with QTc monitoring. Similarly, there are SGAs side effect concerns. Olanzapine and quetiapine are both associated with significantly greater weight gain and risks of glucose and lipid dysregulation compared to other antipsychotics [32] [33] [34] [35] [36] . Quetiapine is also associated with QTc prolongation. Quetiapine, when combined with other drugs with a QTc risk such as citalopram, is also a concern. Risperidone, amisulpride, aripiprazole, and ziprasidone can be considered as slightly more tolerable agents. Sexual dysfunction and movement disorders are the important risperidone side effects but can be manageable [37] . Aripiprazole is more tolerable in terms of movement disturbances, metabolic issues, prolactin increases, and QTc prolongation [38] . Amisulpride induces less weight gain than risperidone and olanzapine. Ziprasidone has probably the lowest tendency of any SGA to induce weight gain and associated metabolic problems. However, it is associated with QTc issues [39] . Osser et al. [40] in a recent guideline on treatment of positive symptoms of schizophrenia, including delusion, emphasized that the FGAs and SGAs such as olanzapine, clozapine, and quetiapine should not be considered as the first line agents for schizophrenia, due to their side effect profiles. This may have relevance to DD treatment strategy.
Despite limited data regarding effective antipsychotic dosing for DD treatment, it is notable that the initial dosages in DD studies were lower than the minimum dosage recommended for the treatment of schizophrenia.
Combination Therapy
Selective serotonin reuptake inhibitors (SSRIs) and serotonin norepinephrine reuptake inhibitors (SNRIs) are the medications often used in DD treatment. Despite some common side effects (i.e., GI disturbance, sexual dysfunction, weight gain or loss, insomnia, restlessness, and agitation), relatively low side effect impact has been reported. However, possible medication interaction is among the concerns. For example, citalopram and escitalopram are associated with dose-dependent QTc prolongation. Similarly, clinicians need to be cautious when using SSRIs or SNRIs with patients who have QTc condition. Combining different psychotropic agents is a frequent approach in DD treatment. Forty four percent (11) of our selected 25 case reports (Table 2) received combination therapy with an antidepressant, valproate, or psychotherapy, which yielded 990 % positive response (recovery or partial improvement). Three cases received antidepressant, valproate, or psychotherapy alone, with each achieving positive response. As noted, depression and anxiety symptoms are the most frequent comorbid conditions with DD. A recent review study on the affective symptoms in DD noted relatively high antidepressant efficacy either as monotherapy or in combination with antipsychotics [41••] . Another case study supported such an interpretation in that 10 % of DOP patients with comorbid depression fully remitted with fluoxetine monotherapy [7••] (Table 3 ).
Long-Acting Injectables
A recent retrospective study of 78 DD patients [2••] compared attendance at psychiatry follow-up visits in 3 treatment groups: long-acting injectables (LAIs), oral risperidone, or other oral SGAs. At 1 year, higher treatment maintenance rates and less antidepressant and benzodiazepine usage was found in LAIs group compared to oral SGAs. The same researchers performed a 6-month follow-up study on 45 patients with DD patients [3••] to compare treatment effectiveness of LAIs (paliperidone palmitate or risperidone) with oral risperidone and other oral SGAs. Using several measures to assess the outcomes such as PANSS, Hamilton Rating Scale for Depression, the Personal and Social Performance Scale, they found that the LAIs group showed a trend toward lower scores in PANSS positive symptoms compared to the oral antipsychotics groups and significantly lower scores in PANSS negative symptoms. These findings of greater improvement in negative symptoms may be attributed to the nature of high DD comorbidity with depression, which may manifest as psychomotor retardation.
Neuropsychological Insights Related to Treatment for Delusional Disorder
The focus of neuropsychological approach in the treatment of DD has been centered in the formation of delusional beliefs and their maintenance based on the cognitive models of human brain function. Although cognitive impairment among patients with DD has been reported to be less than that of patients diagnosed with schizophrenia [42] , deficits in cognitive domains such as executive function and working memory have been reported [43, 44••] . Studies with patients with delusions from Freeman's research group have provided further details of six core features of delusions in relation to working memory and/or executive deficits identifying them as targets for cognitive behavioral treatment of delusions: worry, negative beliefs about self, interpersonal sensitivity, sleep disturbances, anomalous internal experience, and reasoning biases [45••] (see BCognitive behavioral therapy (CBT) for delusions^).
Working Memory and Executive Deficits
A recent neuroimaging study [44• •] demonstrated working memory deficits among DD using an n-back task to measure immediate and recent recall capacity. During the task performance, less activation over the left dorsolateral prefrontal cortex and more prominent neural activation over the bilateral superior temporal gyrus, left middle and temporal gyrus, bilateral posterior cingulate gyrus, right amygdala, and bilateral fusiform gyrus have been observed, which was distinct from healthy controls. However, the proposal that such dysfunctional prefrontal, temporal, and limbic regions among DD are characteristic neural deficits should be interpreted with caution not only because of the small sample size (N DD =9, N controls =9) but also because of the lack of distinguishing findings between DD patients and schizophrenia. Another study [46• •] examined the contributing cognitive factors to the occurrence of reasoning bias, specifically jumping to conclusions (JTC) among patients with delusions. The study participants were patients diagnosed with schizophrenia spectrum disorders. Patients with JTC bias showed more pronounced deficits in working memory manipulation (letter-number sequencing task) rather than working memory span (digit span forward). Such results indicate executive deficits in organizing and holding information that has been already encoded in working memory. The authors suggested that interventions carefully designed to employ minimal cognitive resources as well as other techniques to compensate for such limited cognitive resources may improve JTC reasoning bias. Such executive and working memory deficits associated with delusion were further supported by Ibanez-Casas [43] study of DD. This large study a sample size with DD patients (N DD =86, N controls =343) tested executive and memory deficits among patients. Standardized cognitive tests results demonstrated significant deficits in executive function (i.e., fewer categories in WCST), impulsivity (i.e., more errors in Stroop task), and working memory (i.e., reduced immediate recall in a computerized verbal learning test) among DD patients even when age, education, and premorbid IQ were controlled. Reduced working memory during paranoia has been demonstrated in a randomized, placebocontrolled study [47• •] using intravenous administration of Δ 9 -tetrahydrocannabinol (THC; 1.5 mg dose, 99.5 % purity) among people with paranoid ideation. However, the changes in working memory induced by THC did not lead to paranoia, while the increases in negative affect and anomalous experiences fully accounted for the added paranoia. It is notable that group that received THC and brief cognitive awareness session did not experience reduced paranoid thoughts, which in contrast, may have increased sensitivity to paranoid thoughts.
Cognitive Behavioral Therapy for Delusions
Cognitive behavioral treatment of delusion, as a core symptom of DD, has been developed to identify and improve data gathering bias, interpersonal sensitivity [48] , reasoning style [49] , worry [50] , and insomnia [51] as short term period of treatment. A randomized experimental investigation [52] reported that data gathering could be improved for a short term period training. A single training consisted of 3 tasks (object identification, picture interpretation, and illusion) designed to depict reasoning biases and ways to correct them. The delusional groups showed significant improvement in data gathering (i.e., in JTC task, more beads observed before decision making), although more severe form of data gathering bias (the number of participants asking two or less beads before decision making) did not change. Since the authors did not provide other data including symptom severity, affective state, and other cognitive domains (i.e., working memory, executive function), the findings should be interpreted with caution. Follow-up studies with longer intervention periods are still warranted. A pilot trial of cognitive behavioral therapy (CBT) [48] reported promising results that short-term CBT targeting interpersonal sensitivity (CBT-IPS) could reduce persecutory delusions. They performed six sessions of CBT during the 12-week study period. The intervention consisted of basic CBT principles (i.e., collaborative working, behavioral tests, reduction of risky behaviors, attention switching, and feedback on therapy) with the emphasis on experiential learning. Findings of reduced interpersonal sensitivity (d=0.96) and persecutory delusion (d=0.94-3.26) call for more randomized, controlled clinical trials to further establish the efficacy of CBT-IPS in treatment settings. A replication study [45••] investigated the association between persecutory delusions and specific patterns of the dual reasoning processes (rational and experiential reasoning), which is higher intuitive or experiential reasoning and lower levels of analytic reasoning among both currently delusional patients (n=30) and large non-clinical groups (n=1000). Using self-report measures of persecutory delusion, the previous findings were not fully replicated in that clinical paranoia was associated with less analytic thinking as well as less experiential reasoning style. However, higher rational engagement was associated with less paranoia among non-clinical groups, while higher rational engagement was associated with higher degrees of paranoia in the patient group. Studies with clinician's rating as well as cognitive performance measures (i.e., MATRICS) are warranted to clarify the role of dual reasoning processes in the occurrence of persecutory delusions. Hepworth et al. [50] performed a pilot study to test the efficacy of new brief treatment technique, Emotional Processing and Metacognitive Awareness Intervention (EPMA) with twelve patients with delusions. Three 1-hour interventions were provided, focusing on increasing access to emotional experience, reducing verbal-linguistic processing (i.e., describing current experience as it is in a non-judgmental manner by using experiential focus), metacognitive awareness training (i.e., labeling and writing down thoughts, feelings, sensations, images, and memories to recognize that they are thoughts rather than facts) to take a Bdecentered^perspective and enhance metacognitive insight, accepting their experience without judgments. The gist of EPMA is to facilitate emotional processing of upsetting delusional experience in order to block the cycle of worry-ruminative appraisal of delusion-related events. EPMA in this study led to a significant reduction in delusional distress measured by Psychotic Symptoms Rating Scale-Delusions (effect size=1.03), which remained stable at 1-month follow-up. Although replication with a randomized, controlled design using larger samples is warranted, this study is intriguing as it appears to demonstrate that talking about emotional experience out loud may become a clinically useful intervention strategy in such cases. A pilot study, non-blinded, uncontrolled, by Myers et al. [51] provided an excellent example of Binterventionist-causal model^on single symptom, insomnia. A four-session standard CBT consisted of psychoeducation about sleep difficulty, assessment of sleep disturbance, and goal setting (session I), sleep diary, sleep hygiene (i.e., tackling sleep problems, lifestyle factors affecting sleep disturbance, bedroom conditions), stimulus control (i.e., associating bed with sleep; session II), relaxation, training to overcome sleep-related worries (session III), followed by sleep review and relapse prevention (session IV). This CBT intervention targeting sleep disturbance was associated with a significant reduction in persecutory delusions (effect size=1.07) as well as insomnia (effect size=2.64). The intervention effect was maintained through a 1-month follow-up period. The promising results of CBT in the reviewed studies warrant more blind and controlled studies with longer periods of training and follow-up to determine the maintenance of the treatment effects.
Conclusion
& Accurate diagnosis of DD, an idiopathic condition, and exclusion of cases with delusions with known causes, are essential to successful treatment. DD is far less common than the latter, secondary forms of disorder. & Comorbid disorders are frequent and influence the presentation of DD.
They should be addressed therapeutically for optimal results. & Understanding that the DD patient is convinced that mental illness is not the source of distress is the fundamental challenge for effective treatment. & The delusion(s) of DD respond to treatment, meaning they may become less complained of, less focused upon by the patient, and less likely to lead to actions inspired by delusional concerns. 
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